To determine whether people who have died from suicide in a large epidemiologic sample form clusters based on demographic, clinical, and psychosocial factors.
I t has been estimated that 1 million people, worldwide, die from suicide each year, and many countries have adopted national suicide prevention strategies to try to address this important public health issue. 1 Suicide is a complex behavioural outcome, often resulting from the confluence of demographic and psychiatric risk factors along with stressful life events. 2, 3 Therefore, it has been argued that suicide prevention efforts are more likely to succeed if they simultaneously target multiple risk factors. 4 However, many historical efforts at preventing suicide at a population level have focused on restricting access to the means of suicide 5, 6 despite evidence that such strategies in isolation may not alter suicide rates. [7] [8] [9] [10] [11] [12] [13] [14] In contrast, there have been several recent attempts to identify different paths to suicide by examining patterns of risk factors common to groups of people who die by suicide. O'Conner et al 15 examined coroner records for 142 suicides in Belfast and found 3 clusters that differed according to contact with health care, depression, other mental illness, substance abuse, past attempts, and living circumstances. A similar study 16 analyzed 148 suicide deaths in Hong Kong and found 2 groups: one associated with psychotic disorders, psychiatric treatment, and acute stress, and one associated with financial problems, chronic stress, and no psychiatric illness. Most recently, Logan et al 17 examined US National Violent Death Reporting System data on 28 703 suicide deaths and identified 9 different suicide clusters that differed based on rates of mental illness, substance abuse, past suicide attempts, stressors, and acute alcohol intoxication. While this is the largest and most comprehensive study examining suicide clusters to date, it is unclear to what extent the results can be generalizable outside the United States, most strikingly because 50% of them occurred by firearms. This is in sharp contrast to countries, such as England or Scotland, where the most common methods of suicide are hanging, jumping from height and (or) being struck by a train, and self-poisoning, while firearms are used in fewer than 10% of deaths. 18 This large difference in suicide methods may mean that a larger proportion of impulsive attempts in the United States result in actual death, 19 which, in turn, limits generalizability.
Reviews of coroner records in Canada have typically used small samples on the order of 100 suicide deaths [20] [21] [22] or have involved linkages with administrative databases with limited person-or suicide-specific details. 23, 24 Our study is the largest of its kind in Canada, examining a sample about 20 times larger than those in Belfast and Hong Kong described above. It aims to identify distinct clusters of suicides in Toronto. Toronto is arguably the most multicultural city in the world, with 50% of its population having been born outside of Canada. 25 Therefore, it provides a unique venue for researching whether suicide deaths assort into clusters based on common risk factors in a culturally heterogeneous setting. Our study is the first to be published as part of the Toronto Analysis of Suicide for Knowledge and Prevention, which involves ongoing collection and analysis of data on all suicides in Toronto to better characterize and understand suicide in an effort to inform future suicide prevention initiatives.
Method

Study Design
The Office of the Chief Coroner (OCC) of Ontario granted us access to its records for the purposes of this research. Data were collected from OCC's charts for all deaths occurring in the city of Toronto from 1998-2010, inclusive, that were ruled as suicides. Deaths were ruled as suicides according to a standard of a high degree of probability. Data beyond 2010 were not available at the time of data analysis because it takes about 2 years before all OCC investigations are complete. The goal of the study was to characterize suicide in Toronto residents. Therefore, people who travelled into Toronto from outside the city to die from suicide were excluded, as were people who had made a suicide attempt in other parts of Ontario and had been transported to hospitals in Toronto for more subspecialized care where they later died. moitié souffrait d'un trouble bipolaire ou de schizophrénie. Le groupe 5 ne contenait que des personnes célibataires sans antécédents de tentative de suicide, et elles étaient les moins susceptibles d'avoir une maladie mentale identifiée et les plus enclines à laisser une note de suicide.
Conclusions :
Les personnes qui meurent par suicide se répartissent en différents modèles de caractéristiques démographiques, cliniques et de mort particulières. L'identification et l'étude des sous-groupes de suicides peuvent nous faire mieux comprendre la nature hétérogène du suicide, et contribuer à éclairer l'élaboration de stratégies de prévention du suicide mieux ciblées.
Data were abstracted by the primary investigator and 2 research assistants. Initially, 10 charts were coded independently to ensure good interrater reliability. Throughout the period of data abstraction, the investigators and research assistants were in continuous contact to resolve questions about how to code each chart while maintaining consistency. Each chart contained a coroner's investigation report, which included a determination of death, a pathology report, and commonly other sources of information, such as police reports, letters from family members, and copies of suicide notes. The coroner's investigation also frequently included information from direct interviews with family members, acquaintances, and, in some cases, the deceased's physician(s). The presence and type of mental illness, stressors, as well as recent physician or hospital contact were sometimes available via copies of medical records but often came from interviews with family and friends. Data were collected through reviews of any and all information present in charts for each death as detailed above. Data for each variable of interest were available in most but not all charts. Data collected included 1) demographics: age, sex, and marital status; 2) mental illness;
3) contact with a hospital and (or) emergency department or psychiatrist within 7 days prior to suicide; 4) recent stressors (noted to have occurred or caused distress within the last year), including bereavement, unemployment, financial problems, immigration stressors, relationship breakup, interpersonal conflict, recent medical stressors (including being upset about a diagnosis, diminishing health, or loss of independence due to a medical condition), and criminal justice involvement; 5) method of suicide; and 6) other details of the suicide, including location of death and the presence of a suicide note.
Suicide deaths by self-poisoning and nonhanging asphyxia were considered nonviolent, while all other methods were considered violent. Other variables of potential interest, such as sexual orientation and race, were not typically available.
Census data were also collected from the Statistics Canada website for population by age group in Toronto according to the 1996, 26 2006, 27 and 2011 28 censuses to determine suicide rates by population.
Statistical Analysis
Suicide rates by population were calculated by dividing the number of suicides in males and females in a given year by the Toronto population by sex for that year and then taking the average of all years in the study. Population during noncensus years was interpolated assuming linear growth. All statistics were performed using IBM SPSS Statistics 20.0 (IBM SPSS Inc, Armonk, NY). The primary analysis used a 2-step method of cluster analysis to identify different clusters in the data. Cluster distance was determined using the log-likelihood measure and the optimal number of clusters was determined automatically by the statistical software based on Schwartz's Bayesian information criterion. The silhouette measure of cohesion and separation provided a measure of the degree to which clusters were distinct. Age was the only continuous variable included in the analysis. Dichotomous variables included sex, marital status (married or unmarried), presence of any stressor, depression, other mental illness, substance abuse (drug and [or] alcohol), and a history of suicide attempts. Details of the suicide, such as specific methods used, location of death, and presence of a note, were analyzed subsequently but not included in determining the clusters, given the goal of finding clusters that could be targeted prior to the act of suicide. One-way ANOVA tests with the Tukey honestly significant difference post hoc tests and chi-square tests were conducted to determine which continuous and categorical variables, respectively, were significantly different between the clusters, at a threshold for significance of 0.05.
Our study was approved by the Research Ethics Board at Sunnybrook Health Sciences Centre in Toronto.
Results
There were 2886 suicide deaths in Toronto from 1998 to 2010 (mean 222 deaths/year). Suicide rates by age and sex are shown in Figure 1 . A peak was observed for both sexes for ages from 45 to 54, and in males older than 80. Analysis of these deaths yielded 5 clusters, with an average silhouette width of 0.3, which indicates that these clusters are distinct but overlap to some degree. Such overlap was seen regardless of which variables were included in the analysis. Demographic, clinical, and stressor data for each cluster are shown in Table 1 . Suicide-specific data for each cluster are shown in Table 2 .
Cluster 1 is the smallest cluster (n = 304 Cluster 5 is the largest cluster (n = 949). No one in this cluster was married, and 9.2% were widowed. They had no past attempts, the lowest rates of any mental illness, the least recent contact with a hospital or psychiatry (2.7%), and were the most likely to leave a suicide note (35.0%).
Discussion
Suicide in the Total Sample
With about 1 death per 1000 population each decade, suicide is an important cause of death in Toronto, as in most other cities around the world. Overall, our study confirmed several previous findings, including that the 10-year age group from age 45 to 54 account numerically for the most suicides. This further supports the notion that middle adulthood has become a high-risk period for suicide, especially given evidence from both the United Kingdom and the United States showing suicide rates to be highest in this group. 18, 29, 30 That suicide rates peak in elderly men also confirms what is known in the literature. 31
Suicide Clusters
Suicide is a complex phenomenon that is unlikely to adhere to rigid archetypes. The identification of subgroups of people who die by suicide is an important step toward a more advanced approach to understanding the causes and pathways to suicide, and ultimately to develop more targeted and effective suicide prevention measures.
Our study reports on the largest detailed review of coroner data on suicide deaths ever conducted in Canada. We found that suicide deaths predominantly occurred among males, age 18 to 65, who suffered from depression or another major mental illness. These demographic patterns are in keeping with the literature on suicide, 17, 29, 32 and their strong effect helps to explain why the identified clusters all overlap to some degree. Nevertheless, our study did identify 5 clinically Cluster 1 had the highest proportion of females and involves suicidal acts that may have been less well planned and more impulsive. All members of cluster 1 were depressed and had a history of suicide attempts, and it had the highest proportion of deaths at home and by nonviolent means. A growing literature shows that outreach to people who have attempted suicide, through efforts such as phone calls and postcards, may decrease suicide attempts in similar populations. [33] [34] [35] [36] Such programs could be implemented in Toronto at relatively little cost.
Cluster 2 is notable because everyone was married and very few had prior suicide attempts despite both of these factors being considered protective against suicide. 37, 38 This finding would support the need for ongoing and universal surveillance of suicidal ideation, even in people who may appear at low risk. For example, one might advocate for increased physician awareness that it is important to screen for suicidal ideation and plans in those who are elderly and (or) dealing with a significant stressors, both common features of this cluster.
Everyone in cluster 3 had problems with substance abuse and most suffered from mental illness. This was the cluster that was mostly composed of middle-aged males with high rates of stressors. While it has been shown that alcohol is associated with suicide independent of psychiatric illness, 39 this cluster underscores the complex interplay between substance use, underlying mental illness, and stress. It may be that various health care providers and organizations that commonly see people with this confluence of risk factors should be more aware of the risks of suicide. For example, 12.8% of people in this cluster had criminal-legal stressors. It has previously been argued that the court system could be an important ally in suicide prevention strategies. 17 Perhaps such efforts would be best focused on middle-aged men with substance histories.
Cluster 4 is the youngest cluster, with the fewest stressors and the most nondepression, major mental illness, including nearly one-half with schizophrenia or BD. This cluster was most likely to have had contact with mental health services in the past week. However, we should note that more than 85% of people in this cluster still had no known contact in the past week. The cluster analysis in Hong Kong by Chen et al 16 demonstrated 2 clusters, with 1 having higher rates of psychotic illness, death by jumping from height, and lower rates of chronic stressors. This pattern is in keeping with the findings for cluster 4. If stressful life events are less of a factor in this group, it may be that a combination of poorly controlled mental illness and poor coping skills were the driving factors in these deaths. Efforts to prevent suicides in people like those in this cluster may involve more vigorous surveillance and treatment of symptoms in those with identified major mental illness. They may also involve greater access to urgent mental health care, both in hospital settings and via specialized resources in the community, such as mobile crisis teams.
Cluster 5 is the largest, accounting for about one-third of all of the suicide deaths, and perhaps the most enigmatic. All were unmarried, and roughly one-half had recent stressors, but they had the lowest rates of identified mental illness and contact with psychiatric care in the past week. This cluster appears to be the most socially isolated. An analysis of the content of suicide notes may be an important next step in understanding the motivation for suicide in this group, and, indeed, in each of the other groups, although some evidence suggests that studies of those who leave notes may not be generalizable to everyone who dies from suicide. 40 Directly comparing these clusters to the 9 clusters identified in the United States by Logan et al 17 is challenging, given that their study separated known mental health diagnoses from depressed mood at the time of death without a prior diagnosis and separated a history of substance abuse from the presence of alcohol at the time of death. The nature of the data in our study meant that we were unable to make these distinctions. Nevertheless, there are some important similarities and points of difference between the cluster analyses. Both studies found a relatively high degree of overlap between age and gender among clusters. Cluster 2 in our study includes elements of class 2 (mental health conditions with recent crises), class 4 (current depressed mood with financial problems), and class 6 (medical health problems with depressed mood) from the US study. 17 Cluster 3 in our study includes elements of class 1 (mental health conditions with alcohol problems), class 5 (alcohol problems with other stressful life events, and class 7 (recent stressors with criminal legal problems) from the US study. The US study also distinguished clusters with known histories of mental illness (classes 1-3) from those without known mental illness that had combinations of stressors and substance abuse with or without depressed mood (classes 4-9). Note a similar pattern here between clusters 1-4 and cluster 5. A crucial distinction between the 2 studies involves firearm use as a method of suicide death. While both of the oldest clusters in each study had the highest rates of death by firearms, these corresponded to 7% in cluster 2 here and 74% in class 5 of the US study. This large discrepancy is likely due, at least in part, to availability of firearms.
Strengths and Limitations
The key strengths of our study are that it involves one of the largest coroner chart reviews ever conducted and that it examines suicide deaths in Toronto, which, given its diverse populace, makes it an important setting for examining suicides that may be more generalizable to suicide deaths in cities around the world. This is reflected by the demographics of the sample and the distribution of suicide methods, which are consistent with what has been reported outside the United States. 18, 41 Our study also has 3 broad limitations. These relate to the study's reliance on coroner records, its lack of a control group, and how the clusters were determined. While OCC reports in Toronto are extremely thorough, any such system of population-based data collection is necessarily imperfect. It has been argued that, in some cases, suicides, particularly by self-poisoning or drowning, may sometimes be misclassified as accidental or natural deaths. 42 Given the large number of deaths, it was not practically possible to review those ruled to have causes other than suicide. Therefore, we should assume that the suicide deaths described here, particularly by those methods, may be an underestimate. This may be especially important in elderly women. Given that women as a group are more likely to use nonviolent means, such as self-poisoning, it may be that suicide rates per-capita in women, like men, peak in older age, but that this was obscured because these deaths were not identified as suicides. Further, while some elements of the data collected, such as age, sex, method of death, and presence of a suicide note, are likely highly accurate, other data, such as psychiatric diagnoses and stressors, were often derived from interviews with next of kin and may be less valid 43 and not available for all cases. It may be that certain stressors were underreported or that certain diagnoses, such as borderline personality disorder or BD, were mistakenly described as depression. Nevertheless, it is likely that most suicide deaths in Toronto are captured in this dataset and that the data overall are generally reliable. Not having a population-based control group also limits our ability to fully interpret our study. It may be that certain variables cluster together anyway in the population. For example, we would anticipate, given that males are more likely to abuse substances, that the most male cluster would have the highest rate of substance abuse, which was the case in cluster 3. However, we would also expect, for example, that the oldest cluster would be the most widowed, though this was not the case. The oldest cluster was the only cluster with no widows (cluster 2), which is the opposite of what we would logically expect in the general population. Thus, while these clusters likely do differ to some degree from their age-and sex-matched population equivalents, our study was not designed to determine those differences. Finally, the modest silhouette width between clusters underscores that suicide deaths do not fit neatly into perfect categories and that the results presented here may be instructive but should not be overstated. This result is also in keeping with previous cluster analyses, such as the one conducted in Belfast, which also showed significant cluster overlap in terms of demographics, stressors, and methods of suicide. 15
Conclusions
Suicide is an important public health issue, and our study was the first step in an effort to characterize who dies from suicide in Toronto. Five clusters of suicide deaths emerged according to demographic, clinical, and death-related factors. More work needs to be done to further understand the motivations of people in these different groups. Future avenues would include detailed comparisons of suicide notes, toxicology, and psychiatric records between people in different clusters.
